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., w= -~ The Fdhndetipnsuof-Verbal Cdmpzehéhsion ‘ ; _l' .

. , B Earl Hunt’ '

o : ' ¢t The Univereity of washington
It is current]y fashionable to extoll the 1ntu1t1ve,\wh011;t1c,

non-verbal process of the r1ght hem1sphere at the expense of the ﬁacky,

verbal, serialprocessing of the left:(Fincher 1976). Ihe tyran j”of .
. s

g " "language is deplored by those who profess)to be humanists. This ¥s e

amazing. Language is what makes us.human, few of us have the spat1a1 “‘y\

»

orientatdon of a}hawk. The predom1nant mode of pur thought 1s verbal,

',(‘\

and if we are going to.understand hpmgn,cognition vie must understand
. . 7

-

verbal thinking. ¢ ' ‘
It is easy"to_meashre-terbal aptituae.. By asking a few basic

s . QUe§tion§,about Vocebula R g;;hmar, and simple paragraph eemprepe sion
one\can,ﬁredtctnpefforma ce in a wide variety of situatians. Te illus- -

' " . ‘ .
’ trate, Table 1 shows the) correlations between verbal aptitude gcores,

‘ "as measured by a conventignal, scholastic aptttude test, and grade

Y

point averages for a variety'of\majors at the Uhivensity of/ Washington.

_.....-.._.._..._-___

s i

7 . ~ﬁﬂftside academia similar relationships havegEeen found/ Table 2 shows .

'.‘%.

-

,- d1fferences have importance in our lives. Why thgse d1fferences exist

hd

v R . .
is very much ‘an open question.




competence by searching for a set of basic traits. from -which- observed
differences in behavior can be generated Their methods.of investigation
are’ designed to reveai how many "basic" traits must be ppstuiated anﬁ

to determine how these traits are related to other ta]ents, such as
spatiai reasOning I and my colleagues have taken a rather different’

approach based up0n qur view of thinking as a probiem in information

+ handling. We have eﬁamined tasks thata on theoreticai grounds, o%ght

to be important in handiing linguistic information procesSing prob]ems,
i

and asked how\pehavior on these tasks is related to performance on
verbal aptitude tests An important*point is that we are not trying to
? - : .. . T

) .
Yexplain the test scores‘ Rather, we view the tests as convenient .

measures to assure that.we obtain a range of verbal competencies jn the

-

populations we stu will be shown, we are quite wjiiing to use

other measures of{general inteiiectuai\competence. Our goaitis to

unders tand how in ormation processing varies over individua]s, not to :
predict the .variance on a specific test. ‘

.It would be nice to be]ieveq!!li our’approach~wi11'coaiesce with

more traditionai research on apE?Eides. After all, we are studfing the

- same. phenomena There is no guarantee that this will happen Indeed,
I and my co]]eagues have begun to‘sospect that there are fundamentai .
conceptuai:incompatabiiities between the ways that differentia]
psychologists and information processing psychologists view the problem
of expiaining individual differences (Hunt, MacLeod & Lansman, Note 1.).

The explanations 1-shall propose, for our findings compiement rather .

A}

psychdmetric studies. : )

'than repiace or amplify the explanations generated by @onVentionai .
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., language messages are hand]ed in stages. The first is a decod1ng $tage,

.of concepts in

/

O , B -
I3
—_— W l
’
.

* R Theoret1ca] Considerations.

A bas1c assumpt1on of 1nformat1on process1ng szghology is that,

*

in which arb1trary phys1ca] patterhs are recognized as representat10ns :

e 1ex1con . The second stage is an active memory \\g,,

-

stage, in whigh, the recogn1zed ]ex1ca1 items are xearranged in memory

until they f‘rm a coherent Tinguistie structure. The third is the N

_sentgnce processing stage,-in which thé semantic meaning of the 1inguis—

tic structure 1s extracted-dnd incorporated into our know]gﬂge of the

A
is analyzed with respect to 1nforma‘1on held in long term memory and if

current s1tuat1on In the fourtﬁ\\tage the current s1tuat1op/1tse1f

appropriate, a resp0nse is chosen arld emitted. . \

If people were ]1tera]Ty computers, and if human.]anguages could
be ana]yzed by the techn1ques used to deal wmzh computer languages such
as FORTRAN- or ALGOL, these stages wouﬂd be exécuted in a strict sequence.

Peop]e are not computers, and 1anguage analysis is not sequent1a]

4

Nevertheless, the concept of. stages’1s a usefu1 one even when allowance

-

is made for p]ent1fu] feedback bet?een stages. I sha]] argue that
1nd1vrdua1 dnfferences appear at’ each of the stages of information ;_;)
procéss1ng and that'they are important in determining verbal competence.

My concrete ev1dente, though W111 be confined to an ana]ys1s through
- . a
the sentence processwng 1eve1f . '

7 A 11st1ng of stages does not const1tut% a mode] - We must also

L}

cons1der_the,k1nd of contro] ﬂnVolved in ana]y21ng language data.* A

. i . o

substantial amount-of information processing in the earlier stages of

linguisticathOught %ppears to take place in what Posner and Snyder (1975)'
) ’ " P

have referred to as the automatic mode.\ This mode is simply defined,

.

.

( ‘ o .
\

’ e
e ; | ///
! . .
'
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an gutomatic process takes p1ace whether we wish it to or not, and it ’

does hot interfere with other %néoing processes.e Recogn1t1on~0f the

meaning of very familiar printed words is 2 good examp]e Th?s process
7 4
cannot be supressed even when it is advantageouE to do o) (Stroop,

.1935). Q/;e\past the lexical stage we beg1n to see e??e use of what

X e

Shiffrin and Schneider (1977) refer to as "veiled-control processes

processes that are not subJect to consc1ous 1nspect1on but that can be

L4

shown to draw up0n attent1ona1 resourcés. The search processgs

’ psycho]og1sts have'postulated to explain memory scahning exper1ments

are frequently cited exaﬂp1es \ S1m11ar veiled prbcesses occur when we

are requ1red to understand the mean1ng of very simple s tences, such-as .

-
"The p]us is above the star" (an ExampPe to which I s a]] return). We

> LI

are pot aware of‘how e ana]yze these sentences, buf it can be shown
that the analysis requires attent1ona1 resourc

A third level of attent1ma]1ocat1 onAs mpresented by th‘e con-

"

sense out of language st1mu]1 An

-

stious strategies people adopt to mak
examp]e of such a process is the strategy one m1ght adopt for so1v1ng

mu]t1p1e cho1ce test 1tems One coﬁ]d 1ook at _the glestion,. se]ect ) ,

.

the best answer given the questien, and then search for that answer .

oy

among the a]ternat1ves prov1ded Auother:;¥rategy is to read a]] the .

!

More comp]ex verba] prob]em so]v1ng s1tuat1ons requ1re st:]] more

comp]qx slels for represent1ng and attack1ng prob]ems 0 so]ve .the -

1 - ,
A 4 ‘ -

R
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may do this by constructing scenarios that they examine for plausability, R A

e * perhaps through the use of visual or verbal imagery _ Others may prefer

LI g

.. the a;;tract logic of Sherlock Holmes. He know very little about ! o

individual differences at this 1eve1 Our lack of knowledge is’a ser—

ipus probiem, for it biases our theoriZing There is no reason to

% t - believe that verbal performance is ‘the result of a linear combjnation

_h/ -

of component ab{;lties, or that the same linedr combination of components

q is appl1cab1e throughout the entire range of human verbal competence.

w

Letter naming speegd may be a- good discriminator the. difference be-

. tween the lower nd average ranges of verbal abiiity, while the differ-

‘ence hetween the‘aveF:fe newspaper. reporter and a Pulitzer Prize winner

' may. be more subt]e
' - s r’ ’
. from “the results of studies of "common garden variety" prob]em solvers.
=
Iy spite of this]wafpbng, we must concentrate ‘on what we know. We

his must be kept in mind when we draw conc]usions

_have found that there are reliable individual differences in mechanis- '
" tic processes of infornation handiing within. the popuiation represented
" by university students, and uithin popuiations of i:ze;hat Tower ability.

|
N T These differen}es appear,to account for a substant ortion of the

N 'individua} variation in verbal competence’ observed within these popula-
tions. Ihe differences we have found do not appear to be associated.
- with di fferential possession of knowiedge about the language, but rather
’ - with difrerentiai abiiity to manipuiate the symbols that comprise it.

1 . . :
: Structura] Processes - '

‘ \
) N Decoding. LexicaJ anainis rehuires the decoding of arbitrary .,
: physical~signals to-connect them to c0nceptua] units in a language." ;7T
y: . The sound /cat/ must be recognized as a referent for the anima]

. Posner and Mitcheii.s (1967) stimulus identification paradigm has

\ ~

%

. 5" ; .
Q . . .
LRIC = { s | \




’st1mu11, usua]ly letters,,

‘an important part of verbal cofprehension.

~

~

proven to be useful jin studying this procesé. In a stihU1us identjfica-
tion study the subJect is presented with a pair of- highly overlearned"

The task is to tate wpether the two -

st1mu1u have the same name First, cons1der the pair A-A.. This is a

physicaflly 1dent1ca1 (PI) pair, it would be poss1b1e to determine that

‘these symbols had the same.name even if you did not know what.that name

’

Next, consider’ the name identical (NI) pair A-a, In order to

was.
cehp}ete,the_identification task the names of -these symbols -must be,’
retrieveg from memohy. A third possibflity is fhat the pair is dif- -
ferent (D), as in the case of A-B. 1£ D and ol pairs are mixed it is
necessary to re;hieve the.name of all letters.in order to make the

3
correct response.-

Posner and Mitchell, and §ince Jthem many othere, found that it takes
Tonger to make an NI than a PI ;esp nse. }A.strictly serial moqsa, in
which physical identification is a te@pted first, and’ name identifice—
tion attempted on]y.if physical identification fails, justifies sub- .
tracting PI reaction,time from NI jreaction time {n order to arrive at
an estimatefof the time required fo hetrieve the name o% a symbol, surely
For brevity, 1 shai] refer
to the WI-PI measure. A number f. investigators have found that the
NI-PI measure discriminates betwpen Bersons whom one would think tg

4

have more or less verbal think#jg ability. This data is summarized in

Figure 1. The range of the meapure is striking. A typical difference

between NI and PI reaction timgds for a college student scoring in the
upper quartile of 'a verbal.aptfitude test (a "high verbal" in subseqdent
'hereas‘educable mental retardates show

1978) )

remarks) is 65 milTtseconds,

an NI-PI difference score Ofl ,er 300 milliseconds (Hunt,

*

-

—




<« In spite of the regular and interpfetabﬁe picture presented by
Figure 1, work with. the stimulus identjficetibn'paradigm in other
sett1ngs has raised serjous quest1on about the accuracy of the serial
model itself (Posner & ghyder, 1975) It appears more correct to assume
that both the NI and PI tasks involve identification at the name level,
fO]]OWed by a binary chd1 and a motor response. The name retr1eva]
p}ocess is more important in the NI task, Because the names of‘two
symbols must be retrieved, but the subtraction operation bo longer has
a s%mp]e theoretical interpretation. The'955u1ting analysis becomes , (<
quite detailed, because the data §<a1ys1s technique one uses to derive
a measure of name retr1eva] depends, upon the prec1se model on espouses
_for the task. (Seg Hunt et al., Note 1, for comments on the general
problem.) Fortunately for those who wish merely to determine whether
or not the name retrieva] process is im ortant in individba] differences,

[

the fact is that almost any reasonable chpice of a response measure ‘is

-

satisfactory. The ratio of NI to PI reaction times increases as ver-
bal competence decreases3, and the corre]at\on between measures of
verbal competence and NI reaction time a]oné‘is generally in the .35 to
.45 range (Lansman, Note 25 Jackson & McClelland, 1978).

If deceding is an important part of verbal combetence one Qou]d’
expect to zbow a developmental trend for d cod%ng, as verbal éompetence‘
. ~ clearly grows Wwith age. Table 3 presents $ome data gathered by Judith

Warren as part of.a doctoral dissertation now in progress. As can be

’

v seen?}there is a strong developmental trend. Warren also found ' . . .

R .
Q. . ’ 10
- ERIC . ~—
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_ verbal ability. 'f

N

significant’correlatiop® between the NI-P;rmeasune and wISC verbal IQ

there were significant.sex differences in favor of

L. [ ] I3 - i.

nsistent with the general finding that girls outperform

‘scores. .Furthermore,

girls, which is

boys in verbs//tasks (Maccoby, & Jacklin, 1974). : '

F1na11y:'1f name retr1eva1 is an important part of verbal compre-
‘hension one would expec;\?t\go have its maximum effect Lupon tests of
Jackson. and McClelland (1978), usjng an extreme groups,des1gn,

#
reported a corre]at1on of .45 between NI alone and skill im reading in a

reading.

college popu]atnon, sure]y a group with a restr1cted range of reading

comprehens1on * Qur own results in studies of read1ng comprehensaJIi in a

more general populat1on conf1rms Jackson and McClelland's f1nd1ng, and

3

further suggests that the relation found may depend upon the level of

‘ ; -,
. We can sum up these results by saying that there clearly is an

-

association between.verbal competence and the.simple act of identifying

the name of a symbol. This observation is of interest for two reasons;

t

kit prov1des a link between an 1mportant stage of verbal cognitien, as .

identified by cognitive theorvsts, and 1nd1v1dua1 di fferences as measured

by conventional apﬁitude'tests.
to be an operation that would be influenced by differenﬁial knoWledge

posséssion. Most. university studentts know the alphabet fairl} we]}.

<

-
. . .
. R \\‘
N -
, .

<5/" Holding information in active memory: In princip]e, one's memory

should be involved in such simple cognitive acts as determining that &

L4 i 8 ) ‘,,J
/ : ~

S . . . :
~ , - 11 . * "-.'(

4

Furthermore, the process does not seem \

N
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sentence is g{ammatical~ There CIearly are d1fferences in short term
memory capaelty that dre assoc1ated with lartguage capaC1ty, as shown
by the many experiments that have related IQ‘tp digit span. The -

" carrelatton found however, s- ‘often due to a rad1ca1 drop in d1g1t span_

. L33

in persons with very low general mental competence (Matarazzo 1972).

‘4
1
>

In order to cons1der the re]at1on between pr1mary memory and general

-

mental competence in depth, we need to consider in more deta11 the

' /" e - 4

components of the act of reta1n1ng 1nformat1on’for'a br1ef per1od of

. 1 . \ . ' . /
. t1me g .
b

Hunt, Lunneborg, and Lewis (1975)$exam1ned the active memory
capac1t1es of "h1gh verbal” and "low verbal" co]]ege students, (i.e. ,
student$ with low verba] scores far co]lege students) We used a veP:
sion of the Brown- Peterson short term memory parad1gm, in which the sub-
Ject was first shown four ]etters, then repeated *aloud a str1ng of

\\d1g1ts, presented visually one at a time, and finally recfjled_the letters.
' . Figure 2 shows reca]] performance as a function of.the number of digits

shadowed. The high verbal.students appear to establish an initial ¢

_,/2// _ ' «Figure 2'about here -

adyantage (perhaps due to rapid decoding) and ‘then retain it in the

‘s

. 4
face of the interfering mQteria] This cai be explained by the assump-

t1on that the h1gh verbal students code 1nformat1on 1nto recognized

-

1tems more rap1d1y than do the low verba] studentsa but that they did

4
3

not have an advantage in resisting 1nterfer1ng mater1a1.
In Hunt'et al.'gstudy very short lists of items were used. . What

would happen if longer 1lists were used? Cohen and Sandberg (1977)

) a g

e . ’ 9. ! - , . .’.
' - R ' . . ) ;
'\ s o ) 12 ~“£4P' .




)

&«

»

]

-

-«

. : . r ‘ *
report a large, “ﬁudy of the relation between inte]]igence gggxthe re-

e

ca]] of supra span tists by Swedish schoolchildren.

-

e

Their subjects had’

to memor1ze I1sts of n1ne digits$ which is we]] beyond ry span' '
for most grade school ch1}dren Using a probe reca] re, Cohen . .

-and Sandberg est1mated separate]yathe ch11dren S ab1]1ty to reca11 ’ T
the m1dd1e three, or the a

(.\“ ! N

They found that the corre]at10ns observed between .

/
the fnrst three d1g1ts Presefited (pr1macy)
f——t three (regency).

“t r

recall and schoTast1c apt1tude Were due to the more competent ch11dren

performlng better on the recency port1on of the curve. Th1s is shown in

h

- Figure 3. Note that this s consistent uékh Hunt et al a] 's resu]ts,

1 . . ]
Y e e e we e W = @ = W e, W -

. -
. .!
» B - y .

since the ‘'shorter lists. that we used woud e within the recency port1on

of the remurve hadwwe used the Cohen and}Sandberg procedure R i ‘-

- <
.

The ab111ty to recall strings of digits and letters is not partfﬁ

We need to cons1der what advantages'

¢ ¥
mlght be ga1ned by hav1ng a good "recency" short tevm memory 1n intel-*

cuTarly usefu] 1n most s1tuat10ns

IS
i

o
. »

]ectual tasks 1n genera]. We have found ev1dence for two types of

advantage Larger short term memories may” 1ncrease the strateg1es

~N

that a person can use in a prob]em sotving fask and performance on a

- .

short term memory task ‘may 1nd1cate the attentlonal efforf requ1red to .

hold 1nformat1on in act1ve memory. The less effort requ1red to do th1s,

-

the more capac1ty there is available for other tasks.. ~, ‘ : »

. - [

" Suppose a person is asked to reca]] a list of some thirty or more

- ‘

Reca]] w111 be more accurate

[

words Obviously errors W111 be made.

]f the list is made up of items draWn from a re]at1ve1y few semantic %
- . 5 i < 0 ‘A . ’ ,. . , ¢
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A

f”fi,, say animals, veget‘b]es, and mingrals.. In this case free
recall d1sp]ays the clustering phenomenon, the typ1ca1 subJect will re-
call items ‘from one semantic categery and then- items “from another
(éousfie]d 1953). Hunt, Frost, and Lunneborg (1973) found, somewhat ‘to

our surpr1se, that h1gh verbaikstudents cluster less than' low verbal

students The re]evant port1on of our data is shown in Tab]e 4 Th1s
g . .

-

S / : Table 4 here ¢ ” o
. iy .

-

"“bals could not use. S h o <

- . . N

result Wﬁswsomething of a puzzle to us, until Schwarz (Note 3) combined I

th1s result with the resu]ts on short‘term memory. " Schwartz reasoned ,

L. t

that high Verba]s cou]d afford to not’cluster part of ‘a supra span.list

because they could simply 1 out the last few items from act1ve memory.

If this were the casé, then igh verbals shouid show Tess clustering

than low verbals on the first few items reca]]ed but-would Show . (
progress1veTy more c]uster1ng as recall progressed because the later
recalled items would be retr1eved”from long term rather than from act1ve

memory. Table 4 also shows Schwart's data, 1t is c]ear that his hypo-

thesis was borne out. Because of their greater short term memory

capacity,,the high verbals had a strategy availabte that the low ver-
“The fact that students with high verba) aptitude. scores have lar er

active memories need noé imply that they have larger sku]]s.é,An)alt rna-

tive formulation of aotive memory capacity focuses upon the,ajlocation

of attention. Lansman (1978) combined the Atkinson.and Shiffrin (1068)

continuous pa1red associates procedure W1th the secondary task method-

-

noo

14 4 /

ology (Norman & Bobrow, 1975) to measure the effort devoted ta

1 4 ~
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memor1z1ng 1nformat1on Her subjects had to respormd to a lTight by

ables (no memory 1oad), 2 variables (T1 ht memory load), or 6 var1ab1es

(heavy memory load). There was a subs antial incsease ‘in reaction times
to-the light signal from the no memory load to the I{ght load condition,
even though subJects made v1rtua]]y no errors under the 11ght ]oad

Furthermore, the amount of the 1ncrease in the light load cgnd1t1on was

ra pred1ctor of the number. of errors that would be made 1n the high load °

cond1t1on This demonstrates the faet that actlxe memdry maintenance

is an attenﬁqon demand1ng act and that there are 1nd1v1dua1 d1fferences
in the ability to bring attent1ona1 resources to bear on 1t Synce ‘
memory load is a”tomhonent, but only one componenta_of tasks such as
sentence parsing or the so]hin&iof simple arithmetic problems kHjtch,
1978), end since these tasks are ‘also attention demanding, it is clear
that it woJﬂd be-advantegeous to be able to devote less capacity to /
memory and more to problem sB]ving in manyfsituations. éut istit the =
case that the verbaflx competent simply have a greater attentional Sap -
city, or are they -more ab]egfo focus their resources? .

1}

’

Posner and Boies (1971) distinguished three separaté aspects

L]

attention; gerexal drousal’, the capacity to restrict attention to/ task

4 .
another. All, one, or two of these components m1ght vary with enera]

verba]iéptitude An unpub11shed experiment by Steven Po]trock and my-

‘215¢
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choicé reaction‘t?me task, in nhi the subject faced a screen on which
a ]1ght appeared * The light\cou d appear at either of two-]ocations;
and the subJect S task was to press “switeh immediately under'the light
Tocation.. Thus this task prov es am sure of general a]ertness, plus

a component due t\\cho1gg*react1on t1me under conditions of high

stimulus-response compatab111ty Measuring se]ecttve attention pre—‘

sented a more d1ff1cu]t problém, as one ‘could 1mag1ne d1fferent forms of

seTect1ve attent1on, depend1ng upen the nature of ‘the st1mU1us to be

'

attended to and the nature of theiqnterfer1ng st1mu11 We dec1ded to

average performance on three separd%é tasks thought to require selective’

&

4attent1on These Were. . ) £ é) )

(1) The Stroop (1935 effect, mggghred by th time re&uired'to

name the ink in wh1ch color names were prin;edcminus thevtime required

to name the color~of the ink 15 which‘asterisks were printed.

v

(2) The t1me requ1red to.read aloud a randomly ordered sequence ’

of words m1nus the time requ1red to read the same words in a coherent
text. The reading of - randam words requires that the subJects.suppress

the norma] tendency‘to scan ahead when réading aloud, in order to pick

'(" '

up cues concérn1ng voice and intonation.
. (3) Shadow1ng in the presence of dichotic 1nterifrence.

M1xed 11sts of words and d1g1ts vere presented to each ear. . The task .

_ was: to report the digits presented to ong of the ears, the measure of

& i

- 1nterference was tia number of°1ntrus1ons def1ned as the report of a

digit g{esented to the wrong eqr.
upt ~' ' - f.
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attent1on the scores in these three tasks were standardized and added
Herek

L :
) -

.

b

‘ .

[
)

In order to obtain an overa]] measure of sens1t1v1ty to se]ect1ve
be 2l .
]

¢

{
F1na11y, We-requ1red a measure of attent1on sw1tch1ng

-3
fortunate]y, we cou]d benefﬁt from prev1ous wonk (Gopheh & Kahnemah

>

197] Kafneman, ‘Ben- Isha1, 3 Lotan, 1973) that-had’ shown substant!al
1hd1vidua] d1fferences in a var1ant of the thhoth ]1sten1ng parad1gms .

As subJects were shadowi ng one ear they.would be s1gna1ed to'sw1tch to
On contro1 tr1als they simply received a s1gna] indicat-

the other ear.
ing that they should continue to monitor the ear they. were now shadow1ng

/ Qur measure of speed of attentibn reallocation was the number of digits

correct]y reported qmmed1ate1y fo]]ow1ng a switch.
There was no corre]at1on—(r = -.06): between the simple react1on
On the other hand, there were s1gn1f1cant

time task.and verbal aptitude,.
corre]at1ons between verbal apt1tude and peasures of both se]ect1ve
.attent1on and attention sw1tch:ngi These corre]at10ns are shown in Table
In add1t1on to the s1gn1f1cant f1rst order corre]at1ons "both

5.
selective attent1on a(é,attent1on switching have s1gn1f1cant partial

<
-

correlations with verbal aptitude when the otHer attention measure 1s

-
° - \

.
..
e . e e m e - &
.
. P
. .

[ 3

+

controlled.
Th1s experiment is at best a start toward the study of attentional
Wh11e a great deal of work needs to

factors in 1nte]]ectua] compe tence.-
be done, the resu]t is cohs1stent with the idéa that the control of
. attention is important. This becomes of interest when we cons1der an_
; exp]icit]y werbal task that requires attent1o:’a110cat1on, the |
: oy
' UL | ‘

| - S VA

ks




r »
. }
o ! B . ) . ’ L
N . . s
:’j" . T
oo comprehension of sentences i, ~.

! !> ’
. . s 3 . P X . . . .. - :e
.. . Sentence: Comprehengion *© - = | S S

TTh L . The experiments to be cons1dered 1n this sect1on*dea] w1th veri-
. ) ! ‘
1‘? ficatlon of S1Mp1e Tinguistic descr1thon of a s1mp1L world The task -
”4’ was developed by Clark and Chase (1972), ho used sentences of-the

form PLUS I3 ABOVE STAR or OPLUS IS NOT BELOW STAR and pictures of the

~ * . .
fonn ( : 9 or ( + ). "In the "sentence irst" version of the paradigm *

the subject is first shown a sentence, hen a picture,.and must indicate

! ~
R : . ¢

| ’ whether or not the'sentence accurati]y described the bﬁcture. The

-

dependent variable is verification reaction time, the time between dis-

play of the plcture and'the'subJect S response@(s An alternative pro-
cedure 1nvo]ves present1ng a large nymber of pictures and sehtences in

‘paper and pencil form, and asking h many'the subject can verify in a -

fixed time. There is a correlation of .70 betheen the two progEdures

(Lansman,.Note 2). -
The sentence verif%catiqn tagk has a nymber of featdres that
recommend it as a measure of verbal information processing. On the face
, of it, the task is tmpossib]e unfiess one knows the meaningﬂof jgrdgj
but. on‘the other hand the words/used are so common that {t can ‘be
presumed that they are’in the ocabu]ary of every Jun1or h1gh school
graduate. We are conf1dent that any variations in ver1f1cat1on time due

to 1ndividua].d1fferences in fword identification will be due to decoding

.Z difference rather than be1n Jue to di fferences in vocabu]ary It is

\\ an attention demand1ng‘tas ;7 ag_can he shown by an analys1s using the , ‘

secondary task methodology (H t & MacLeod, Notes4), and the attention
Y * }




* . .

\

, demaﬂds are closely tied to the comp]ex1ty of the .comparison process
Verification reaction times 1ncrease for negative compared to affirma-

tive sentences and false sentences genera]]y t!he longer to reject

“

%
N than true semntences do to confirm (C]ark & Chase, 1972). Given these

facts, it 1s.got surprising to find that peop]e w1th high vecﬂf{"aptitude
’ scores are more rdpid at sentence verificationdlBaddeley, 1968 Hunt,

Lunnenborg & Lewis, 1975 Lansman, Note 2). The correlation betweis
sentence/uerification reaction time and verbaﬂ aptitude measures 1S \ 2 .
] genera]]y in the 35— 55 range. Lansman: (1978) found that thJS correla- v
’ tion can oe substantially improved by introducing choice reaction time L
as a covariate. Note that this is a reasonable thing to do because E@f
- final motor response is a choice of making the "true" or "fa]se"

response. When Simpie ch01ce reaction time (neasured by a prog§dUre ‘ ¢

- - similar to that’ used“by Poltrock &~Hunt) was "held consﬁant "-the

A

L 4

- partial corre]ition between sentence verification time and a vocabulary -

y ) test was .73. 4 similar correlation was *found with & reading compre- ‘
3 : hension test As the vocabuiary and comprehensidh measures in Lansman's
study referred to tests taken as much as three years before ‘the. experi—
)ment itself, this corre]ation approaches the test retest reliabiiity of

- /\/
. the psychometric measure. Furthermore, on the face of things there is !

-
no reason why someone who knows many words should a]so\ge\ouick at ;-

»/) .verifying sentences,consiﬁting‘of simple words.' ’ ’ - ',' . //

? . These results are.encouraging to those who seek a rapid measure .

" of verbal competence that is not bound to know]edge I sha¥l now report

some studies.that show how much strategies can 1nf1uence information

O processing. A slight change in procedure, from the simultaneous ‘)

4 A4
‘
16 . ;
. -
\ .
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‘presentat1on c0nd1t1on used by éadde]ey and by Lansmap to the sentence -
.I' b f1rst’procedure used by C]ark and Chase, 1ntroduces a new and s1gn1f1-

qf i cant source of variance. In the sentence f1rst procedure the subJecﬁ
can choose different strategies,iand this choice can play havoc with -an f '

\ -~

v analyspsﬁof the tra1ts that underT1e performahce~ Yo \

> ' To re;gJ] the task br1ef1y, i the sentence\first" procedure the

subJect 1s shown the sentence, given a chance to %ead and comprehend 1t,
and then §hown the p1cture Macueod Hunt, and Hathews (1978) found "
- that when this was done some peop?e read, the sentence, &émor1zed it, | .

1
described the picture to themse]v s when it was shown, and then-compared

Another group of subjects,whom I

the descriptions. Let us call th e peop]e "verbal prob}em solvers."
iphaﬂ call "visual proplem soTvers,“?
'used the sentencg as a cue to visu 11ze the expected p1cture and then
‘compared the actual p1cture to an fmage of its expectat1on Ind1v1dua1
performance of the verba] prob]em sp]vers was well pred1cted by a test of
. rbal aptitude, wh11e/performance Qf the v1sua1 probIem solvers was
; ‘ ’ 11 pred1cted by a test of spat1a] Ept1tudex Th1s statement however,

"does not really capture theycontrastibetween the data of the two groups

re the, san@stimuli. To bring the

who, it-will be rememberéd,

.+~ distinction out more clearly, %

-

igure 4 plots the mean, verificatiom
e .

-reaction t1me for e?ch group of ‘subjects as a functloﬁ of the 11ngu1st1c

complexity of the v rification task, calculated by app1y1ng Carpihter

and.Just's (1975) Tlijngdistic compar1sop modeT to the task.

\
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. corre]at1ona1 patterns, a situation

l'. .. R ’
i d \ ba | LY
not surprising. MaclLeod et al. ‘s method o ef1n{%1on of groups ensured
that there would be one such group S 1nterest1ng is the complete

lack of fit of the second group. A resu]t that was: not d1ctated by the
ana1ytica] procedures. Further, ‘the, v1sua1“ group's data cou]d not be’

Cfit by any rveasonable 11ngu1st1c mode1l, as this data shows no effect\of

¢

negatlon, which many stud1as have shown to be a powerfd\A'sycho]1ngua

- .

tie variable . B‘ ‘ ’
For: one who seeks®stabile prédictors of performance this resu]t is 2

minor d1saster We haVe shown that choi ce of strategy may determ1ne ; ;

hy t is anathema to orderly psycho-

~t

metr1c mode]s In theory, pred1ct1ve power m1ght be restored by us1ng
 person's cHo1ce of. strategy itself as a marker in making pred1ct1ons.
Unfortunate]yith1s’/g11 not work e1ther, for one cgn change an 1nd1v1dua1 S
pattern of daia simply by request1ng that the subJect use AR a]ternat1ve
stra%egy F1gure 5 shows some data from one of the subJects ina ‘;
second (yet quub11shed) study by Mathews, MacLeod, and myse]f Th1s

subject was ﬁ1rst allowed to choose a strategy, and évidently chose a

verbal one/ Subsequent]y he was .asked to use av1sua1 strategy, and then

rba] one. -Similar switches can be produced'ln the behavior of

i
]
1t =

subjects who initial]y begin with visual strategies. If qualitatjve

N

N A . s . . ; .
changes of hehavior can so-easily be produced in this straightférward

task, how'many strdtegies are there for understanding War‘and Peace?

N
A

4
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. - , ' Concluding- Comments s

.. " 1 K seems clear that there are strictly mechanical components to

R \. e . . . N . .

ihdividualjﬂ1fference§ in 'verbal competence. I have argued that these -//
. differences 1ie in three major areas; automatic, structural processes .
5 )

such as decoding and short term memory capacity, the ability to control

attention;, and the upesof strate ¥€s. wWhile the automatic processes
“are reasohab]y stable over tmé and situation, it is clear that the .
attent1oin pchesses and strategy cho1ces are 11ab1e Are these

¢

processes\reasOnably corfsidered part of 1nte1V1gence?
They certa1n1y are components of 1nd1v1dua1 mental competence

Given that, who needs the concept of 1nte111gence? I be11eve that we

dught to drop the notion of intelligence as a trait, or even as a‘space ,
. of traits, mheh we are’ trying to understahd inte]]ectua] perﬁormaqce.
Traits are statistical abstractioﬁs,’and’QO not refer/ to any physical
p!&cesses inside the head. If our theoriks of cognition are correct
J/ (admittihg-a big “if")‘ parameter estimate ef information processing
“ stages' and structures may be c]oser to mjgéur1ng rea] things than are

s the psychometr1c procedures for trq1t esfimation. {/hen mental ' g N T

compétence i to be studied as 3 phenomena to be exp1a1ned, 1nforma-

tion ?ocesslng measured provide more usefu] gepenﬂent measures -

For example, jit seems to me that study1ng the genet1c corrélates of

n, an‘cmn1bus “IQ" measure has 11tt]e po1nt but that study-

1c cérre]ates of symBol decoding or short term memory
i
|

capacity i 'reasolable It seegs equa]Ty reasonable to speak of two

4 indiridu s as being comparable in their normal mental competence, ‘and
. - ° & ,
- . . L.
- then ddding that dEe is more prone.than the other to deterioration

in attertional control mechanismsédue to sgme pathological cgndition,-,

— . . v 1

. Y. 19
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used as an independent varjiable 1n a predictive s1tuat1on At times we

e.g., pred1ct1ons about ccupat1ona1 success as a funct10n of mental

-campetence. In such cas s we are predicting from one statistical «

abstraction to another, and the traditional psychometric méthods are

L]

quite appropriate. , In other cases, though, we may des1re abso]ute

rather thdn relative pred1ct1on. This is part1cu1ar]y likely to occur

.\

. when we are interested in the performance of identifiable 1nd1v1duaTs

*on specific tasks. * To be Pragmatic, will Astronaut $mith be able to

land_the mars probe within x meters of the.target po1nt2 In such

- situations the absolute, information processing approach to mental'

~

‘psyc

y Be made more useful than the re]ativistic'approach of
. f : :

cap a'&
)

ri CS’ ANy

~\?§n sp1te of the fact that this article presents a number ot\correla-
{

[
t1on ¢oeff1cnents, I stress adain ‘that wé are not interested in explain-
ing the 1nteﬂ11gence test .we. simply use ‘these tests:as rough and
ready measures of genera] competence We have shown that the measures

>

one wou]d e pect to be 1mportant in 1nformat1on processing ‘are rough]y

"assoclated\ ith genera] competence If the corre]at1ons are not . -

higher thig may be at least as much the fault of the aptitude tests as

it is of the. information processing measures. In our future WOrK’L

{
and my colleagues plan to go beyond these corre]ational'stdGes, to.

examine hop fhe information processing measures covary with each other,

20 | |
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‘and how they change as individuals and as ecdlogically valid variables .

. in individual 1ife change. We wié? be Tooking at changes in individuals
over age, time of day,ire]ationship; and drug\state. While we may never
gompute another correlation coefficient between an information processing

*
L %

, measure and a psychometric trait (although I suspect that we will),

).~ wewill still be develdping a theory of individual differences. This =
. theory is intended to provide a complement to trait theories. It
o S5
. certainly will neither gxpand nor replace them,
&F
<
. / : | :
& 1 )
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L 1. -The preparat1on of this. paper was supported by the 0ff1ce of Naval,

el

" N Research tthugh a contract to the University of Wash1ngton (Contract

No. N 000]4-77-C-0225), onlwoich Earl Hunt is the'principa{_investigator.
. “The research reported here was sopported by ‘that contract and'by~a grant‘
3 from the National Institute 6f Menta] Health, "Individual Differences jo
Cogn1t1on," to the-University of Wash1ngton This paper is toe text of
- talk given at the Conference on Apt1tude ‘Learning, and Instruction:
’ Q‘Cogn1t1ve Process Analyses, sponsored by the Office of Nava] Research, ’
in San Diego, Ca., March .}9,78. o
¢ 2 1 am happy to acknowledge the coosiQerab]e edvice and assistence
I have received from Marcy Lansman:.§1ifford Lunneoorg, Co]fﬁ MacLeod,
and Steven Poltrock over the period during which this research was con-
ducted. Naturo1}y I must shoulder the,o1ame for writing and for any
mistakes, missfatements, or erroneous conclusion io this 'paper, no matter
‘how much I should 1like to share it! I |
3. This measure cannot be compared across experimenfs, as motor
reaction timeg will be markedly influepced by apparatus variables.
4. A w%rningxsigna] a]ﬁays preceeded the choice signal in this eXperiJ
ment. In retrospect, we ought to have compared coﬁditions with and
without the warn1ng signal, ‘in order to measure the speed with wh1ch t

+

subJect could a]ert hijn/her se]f to the stimulus situation.
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Hunt et al. Schwartz:._Data by Order of Recall =
) ) Full List - Ist 173 ~ond 1/3W% 3rd 1/3 :
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Attention switching '
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